A novel approach to fabricating high-performance glucose sensors is reported, which is based on the process of self-assembled monolayers (SAMs). In this study, we have particularly used α-lipoic acid (LA) SAMs for the glucose sensors. To our best knowledge, this study is the first one to use LA as SAMs for this purpose. N-hydroxysuccinimide (NHS) and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) were deliberately attached at the same time on the LA SAM. Then, glucose oxidase (GO X ) and horseradish peroxidase (HRP) were sequentially immobilized. Thus, the HRP/GO X /NHS-EDC/LA-SAM/Au/Cr/glass working electrode was developed. The glucose-sensing capability of the fabricated sensor was systematically measured by the use of cyclic voltammetry in the range of 1-30 mM glucose in phosphate-buffered saline. The result showed a good sensitivity, that is, as high as 27.5 μA/(mM·cm 2 ). This result conspicuously demonstrates that LA can be one of promising substances for use as SAMs for accurately monitoring trace levels of glucose concentration in human blood.
INTRODUCTION
Diabetes is a disease that is spreading worldwide with the increase in obesity. The number of diabetic patients is expected to increase to over 300 million people in the near future. Extreme care is required with respect to aspects such as eating habits and insulin injections in order to ensure the safety of diabetic patients.
For this purpose, regular monitoring of the blood glucose level is essential. Therefore, there has been a strong demand for glucose sensors with high accuracy and sensitivity, as well as for miniaturization of sensors [1, 2] .
A literature survey shows that research is underway on the fabrication and characterization of glucose sensors by using nanowires [3, 4] , carbon nanotubes [5, 6] , self-assembled monolayers (SAMs) [7, 8] , nanopowders [9, 10] , and nanopatterned electrodes [11] .
In particular, SAM-based glucose sensors can reliably detect glucose in a low-cost process. The advantages of SAMs include (1) an easy and reliable synthesis process, (2) excellent adaptability to the human body, (3) easy manipulation of hydrophobicity or hydrophilicity, (4) possibility of immobilizing a very small amount of the enzyme, and (5) good long-term stability [12] . With regard to the type of thiol molecules, various types of SAMs can be created [13] . To expedite the implementation of SAM-based glucose sensors with superior sensing performance, a new SAM needs to be synthesized.
α-lipoic acid (LA) is known to prevent certain kinds of cell damage in the body, and also improve the function and conduction of neurons in diabetes [14] . In this sense, LA SAM can be applied to a platform of high performance glucose sensors. To the authors' knowledge, this study is the first to use LA in SAMs for detecting glucose with high sensitivity. The LA SAM-based sensor exhibited good properties for the detection of glucose with high reliability, repeatability, and sensitivity. These results strongly suggest that LA is a promising substance for use in SAMs in glucose sensors.
EXPERIMENTAL
The following steps were applied to fabricate LA SAM-based glucose sensors. The entire fabrication process is schematically shown in Fig. 1 . All steps were performed in air at room temperature. In step 1, for the growth of an SAM, 90-nm-thick Au This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/ licenses/bync/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
films were deposited on glass substrates by a sputtering technique.
To enhance the adhesion between the Au film and the glass substrate, a 20-nm-thick Cr interlayer was inserted between them.
Then, the Au/Cr/glass wafers were sequentially rinsed with alcohol and deionized water 3 times.
In step 2, an LA SAM was prepared on the Au/Cr/glass wafer.
For this, the wafer was immersed in a 2% LA solution (in ethanol)
for 24 h. The wafer was then rinsed with ethanol 3 times and dried under a stream of nitrogen gas.
In step 3, to promote the immobilization of glucose oxidase 
RESULTS AND DISCUSSION
First, we have indirectly checked the chemical reactions at each step described in Fig. 1 The results are shown in Fig. 3 . As is clearly shown, the current increases gradually with increasing glucose concentrations. At the [16] . However, it should be noted that the current density tends to saturate when the glucose concentration exceeds 20 mM, indicating that the LA SAM-based sensor can be used for the detection of very low concentration of glucose.
CONCLUSIONS
In this work, LA SAM was used to fabricate glucose sensors. The slope indicates the sensitivity of the fabricated sensor.
